The in-situ XRD measurements on dehydrogenation/rehydrogenation of the Li-Mg-N-H system were performed in this work. The ballmilled mixture of 8LiH and 3Mg (NH 2 ) 
Introduction
The research of metal-N-H system as one of the hydrogen storage (H- (1).
They claimed that the above dehydrogenation reaction is not a direct molecule-molecule reaction between LiNH 2 and LiH, but it can be expressed by an ammonia mediating model [7, 15] . By analogy with this model, Leng et As a basis of understanding a disproportionation reaction, it is one of the most interesting issues to know which reaction mechanism is realized in this system. If the reaction process is directly observed, the reaction model may be clarified. On the motivation of those features, we tried to perform the in-situ X-ray diffraction measurement under a suitable condition with controlling temperature and atmosphere in the Li-Mg-N-H system. In our group, special attention has been paid to the system with 3Mg(NH 2 ) 2 and 8LiH to clarify time evolution of the starting and final phases in the reaction (2) and appearance of some intermediate phases, and to research the origin of the two-step process in PCI at 200 °C.
Experimental
The starting materials, LiH (95 mass% purity) and MgH 2 (90 mass% purity, 9 mass% is unreacted Mg and the rest of 1 mass% is other impurities) were purchased from Sigma Aldrich. In this work, Mg(NH 2 ) 2 was synthesized by mechnaically milling MgH 2 in pure NH 3 gas of 0.4 MPa. The mechanical milling for preparing Mg(NH 2 ) 2 was performed for 12 h at room temperature using a rocking mill equipment (SEIWA GIKEN Co., Ltd. RM-10) with a frequency of 10 Hz. Prior to the in-situ XRD measurement, 300 mg of the mixture of 3Mg(NH 2 ) 2 and 8LiH with 1 mol% of TiCl 3 [22] , After that, the sample was gradually cooled down to room temperature under 5 MPa H 2 for 24 h. We scanned the diffraction angle between 2θ(degrees) =10-65 with taking 30 min or 1 h for most of the measurement runs. The interval of each scan was set to 30 min or 1 h.
In this work, all the material handling was carried out in a glovebox filled with purified argon gas without exposing the sample to air except for the sample transfer to XRD equipment.
Result and discussion
1. Dehydrogenation process at 200 °C in vacuum Figure 1 shows the in-situ XRD profiles during the dehydrogenation starting from (a) the mixture of 8LiH and 3Mg(NH 2 ) 2 just after the ball milling and (b) the product after rehydrogenation at 200 °C under 5 MPa H 2 (after 1st cycle). In all XRD profiles, some minor peaks corresponding to Be, BeO (coming from the sample holder), LiCl (due to reaction between LiH and TiCl 3 dopant) and so on are observed. We consider these minor phases are not involved in the reactions as these peaks undergo no change during the measurement. The oxidation is small enough to be neglected in this experiment, since the oxide phases such as LiOH or Li 2 O are not observed in all the profiles.
In Fig. 1(a) , we notice that the composite mixture after ball milling shows only the weak LiH peak without containing any Mg(NH 2 ) 2 peaks. This indicates that the Mg amide in the composite prepared by ballmilling the mixture of LiH and Mg(NH 2 ) 2 is in an amorphous or nano-crystalline phase [23] . Even after heating up to 200 °C and desorbing hydrogen in vacuum, the Mg-related phase does not appear in the XRD profiles which might exist as amorphous or nano-structure [16] , while the Li-related phase LiH seems to change into the Li 2 NH phase.
After performing complete hydrogenation under 5 MPa H 2 at 200 °C for 37 h and then under slow cooling down to room temperature through 24 h, the crystallized Mg-related phase is observed as a tetragonal Mg(NH 2 ) 2 phase in addition to the cubic LiH phase. In the dehydrogenation process of the 2nd cycle at 200 °C in vacuum (see noteworthy that the operating pressure of 1MPa H 2 corresponds to the first hydrogenation step in the PCI curve [20] . It is quite obvious that the second hydrogenation step in the PCI curve leads to the final product of LiH and Mg(NH 2 ) 2 .
However, it is obscure which kind of phases appear in the product after the first step of hydrogenation. The results of the in-situ XRD profiles for the Li-Mg-N-H system in the hydrogenation process under 1MPa H 2 at 200 °C are shown in Figure 3 . We notice that the LiNH 2 phase appears and grows up with increasing reaction time without appearance of the Mg(NH 2 ) 2 phase. Although a peak at 30° seems to be due to the existence of Mg(NH 2 ) 2 , this peak should not be the origin of Mg(NH 2 ) 2 because the other Mg(NH 2 ) 2 peaks can't be recognized. As the diffraction peaks of the LiH phase is by the ammonia mediating model [21] expressed in the reactions (6) and (7).
Summary
In this work, the dehydrogenation and rehydrogenation processes of the Li-Mg-N-H system composed of 8LiH and Mg(NH 2 ) 2 were examined by the in-situ XRD measurements. The results obtained are summarized as follows:
(1) In the dehydrogenation process at 200 °C in vacuum, the mixed phase of 8LiH
and Mg(NH 2 ) 2 gradually changed into the Li 2 NH phase without any traces corresponding to Mg-related phases. 
